The notions of quantum superposition, interference and coherence lie at the heart of quantum physics, and have intrigued physicists and chemists for more than a century. Quantum control exploits these phenomena using controlled coherent interactions to direct the dynamics of quantum systems. This paradigm originated in the context of controlling the paths of chemical reactions. The concepts and techniques have since developed into a wide interdisciplinary field with applications ranging from ultrafast optics and nuclear magnetic resonance to cold matter physics and quantum information processing.
The area of quantum control has been constantly expanding towards previously inaccessible regimes of light-matter interaction. With the availability of new laser technologies, such as attosecond pulses, high-harmonic generation and pulse shaping at high intensity levels, new exciting questions emerge. Can the molecular dynamics be controlled in a robust way in the strong-field limit, when the material quantum states are strongly perturbed by the non-resonant laser fields, capable of breaking molecular bonds and altering magnetic and optical properties of gases? Can the ever-improving degree of control over the coherent properties of laser pulses, such as their phase and polarization, bring us closer to the ultimate goal of controlling chemical reactions? Can laser control extend beyond the 'slow' femtosecond time scale of nuclear motion, into the ultrafast attosecond realm of electronic dynamics? Papers in this special issue offer an extensive overview of the ongoing effort to push the boundaries of quantum coherent control: from selective bond breaking to bond making, from controlling individual molecules to controlling dense molecular ensemble, from studying field-free dynamics to altering the dynamics in external fields, from controlling heavy nuclei to observing and harnessing ultrafast motion of light electrons, from controlling matter to controlling properties of the light itself.
This special issue commemorates our friend and colleague, Moshe Shapiro, who was so central in this field.
The papers are split into five subject areas as described below:
Coherent quantum control in complex molecules [1] [2] [3] [4] . Coherent quantum dynamics and shaped laser pulses [5] [6] [7] [8] [9] [10] . Molecular superrotors [11, 12] . Quantum control of strong-field phenomena [13] [14] [15] [16] .
Controlling plasma phenomena and light propagation [17] [18] [19] .
